A mathematical model is developed for the use of design engineers to analyze temperature-thickness coupling problem of a non-homogeneous isotropic visco elastic rectangular plate. Here, authors considered that temperature varies biparabolic i.e. parabolic in xand parabolic in ydirection while thickness of plate varies linearly in one direction. The non-homogeneity of the plate's material is characterized by assuming an exponential variation of poisson's ratio of the plate's material. The first two modes of time period and deflection are reported here for various combinations of frequency parameters i.e. nonhomogeneity constant, thermal gradient, taper constant and aspect ratio of the plate. Numerical results for time period and deflection for both the modes of vibration are shown in tabular form.
Leissa [13] provided excellent data for vibration of plates of different shapes with different boundary conditions in his monograph. Leissa and Chern [14] analyzed forced vibration response of plates. Patel et. al. [15] presented appericiable work on study of vibrational behaviour of rectangular plate with simply supported edges with angle shaped stiffeners. Sari and Mehmet [16] observed non linear vibrations of microbeam bonded to a non-linear elastic foundation. Sharma et. al. [17] worked on the effect of pasternak foundation on axisymmetric vibration of polar orthotropic annular plates of varying thickness. Tariverdilo [18] analyzed asymmetric free vibration of coupled system including clamped circular plate in contact with incompressible bounded fluid.
MATHEMATICAL FORMULATION

Differential equation of motion
The differential equation of an isotropic visco-elastic rectangular plate is [10] (4.1)
where,
and (4.2)
A comma in the suffix denotes partial differentiation of w with respect to suffix variable. After substituting the values of M x , M y and M xy from eqn (4.2) in eqn (4.1), one gets (4.3) By using variable separation technique, the solution of eqn (4.3) can be taken in the form of product of two functions as [11] (4.4) After using eqn (4.4) in eqn (4.3), one obtains Eqn (4.6) and eqn (4.7) represent the differential equations of motion and time function for non-homogeneous rectangular plate respectively.
Here, D 1 is flexural rigidity of rectangular plate [13] i.e.
(4.8)
Frequency equation
Rayleigh Ritz technique has been adopted to solve the frequency equation. This method is completely depends upon the law of conservation of energy according to which maximum strain energy (E s ) must be equal to the maximum kinetic energy (E k ). So, it is necessary for the problem under consideration that [7] (4.9)
where, (4.10) and (4.11)
Assumptions
Authors assumed bi-parabolic temperature variation as:
where, t denotes the temperature excess above the reference temperature at any point on the plate and t 0 denotes the temperature excess above the reference temperature at x = y = 0. For most of engineering materials, the temperature dependence of the modulus of elasticity can be expressed as [11] (4.13) 
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where E 0 is Young's modulus at reference temperature i.e. t = 0 and g is the slope of the variation of E with t. After using eqn (4.12) in eqn (4.13), one gets (4.14) where, a =gt 0 (0 £ a < 1), is thermal gradient. It is considered that thickness varies linearly in xdirection (shown in Figure 1 ) as (4.15) where, h 0 is thickness of the plate at x = 0 and b is taper constant. Also, authors assumed that poisson ratio of material varies exponentially in xdirection as shown below [11] :
where n 0 is poisson ratio at reference temperature i.e. t = 0 and a 1 is nonhomogeneity constant.
On using eqn (4.14), eqn (4.15) and eqn (4.16) in eqn (4.8), one obtains (4.17)
Boundary conditions
Rectangular plate is assumed to be clamped at the boundary. Therefore, boundary conditions are taken as:
To satisfy eqn (4.18) , the corresponding two-term deflection function is taken as :
where, F 1 and F 2 are two arbitrary constants. Here , is a frequency parameter. Eqn (4.23) consists two unknown constants i.e. F 1 and F 2 arising due to the substitution of W . These two constants can be determined as follows 
RESULTS AND DISCUSSION
All the numeric results for time period and deflection are calculated for an alloy of aluminium, Duralium. The following parameters are used for duralium [7] :
Authors calculated as well as tabulated the results for time period and deflection for different combinations of taper constant, aspect ratio, thermal gradient and non-homogeneity constant for first two modes of vibration. Table 1 shows time period (K ¥ 10 -5 ) for increasing values of non homogeneity constant (a 1 ) at fixed aspect ratio (a/b = 1.5) for different combinations of taper constant (b) and thermal gradient (a) i.e. b = a = 0.0, b = a = 0.2, b = a = 0.6 and b = a = 0.8 Table 2 shows time period (K ¥ 10 -5 ) for increasing values of aspect ratio at fixed taper constant (b = 0.2) and thermal gradient (a = 0.2) for different values of non homogeneity constant (a 1 ) i.e. a 1 = 0.0, a 1 = 0.05, a 1 = 0.10 and a 1 = 0.15 From table 1, it can be clearly observed that time period for both the modes of vibration continuously decreases as the combined values of taper constant and thermal gradient increases i.e. from b = a = 0,0 to b = a = 0.8 with increasing non-homogeneity constant from 0.0 to 0.15 at fixed value of aspect ratio i.e. . From table 2, it is found that as aspect ratio increases from 0.25 to 1.5, time period decreases continuously for different values of non-homogeneity constant (a 1 ) from 0.0 to 0.15 at fixed value of thermal gradient (a = 0.2) and taper constant (b = 0.2).
In tables 3-5, deflection (for both the modes of vibration) is calculated for T = 0K and T = 5K at different values of X and Y i.e. Table 3 : Table 4 :
. Table 5 : From table 3, it can be noticed that at T = 0K , deflection (for both the modes of vibration) increases as a 1 increases from 0.0 to 0.15 for Y = 0.2 and Y = 0.6. Also, authors noticed that deflection decreases rapidly as Y increases from 0.2 to 0.6 for both the modes of vibration. At T = 5K, deflection for both modes of vibration decreases continuously as a 1 varies from 0.0 to 0.15 (for all X and Y ).
From table 4, it can be analyzed that at T = 0K, deflection for the first mode of vibration firstly decreases then increases as a 1 increases from 0.0 to 0.15 while deflection for the second mode continuously increases. Again, at T = 5K, deflection for first mode of vibration decreases and for the second mode increases at different values of X , Y and a 1 .
From table 5, it is evident that at T = 0K and T = 5K, deflection for first mode of vibration increases as aspect ratio increases from 0.25 to 1.5. At X = 0.2, 0.4, 0.6 and X = 0.8, at T = 0K deflection for second mode of vibration continuously increases while at T = 5K, it firstly increases then decreases as aspect ratio increases from 0.25 to 1.5 for fixed values of taper constant, thermal gradient and non-homogeneity constant i.e. a = b = 0.2, a 1 = 0.15 and Y = 0.2. In table 6 , authors compare the results of present paper with [11] . The basic difference between present paper and [11] is in variation of temperature i.e. biparabolic in present paper and bi-linear in [11] . Authors calculate time period at fixed value of aspect ratio (a/b = 1.5) and non-homogeneity constant (a 1 = 0.0) for different values of thermal gradient and taper constant for first two modes of vibration.
6.COMPARISON AND CONCLUSIONS
It is interesting to note that time period for both the modes of vibration in present paper is greater than [11] at the same values of corresponding parameters. Based on the above comparison, authors conclude the following:
* Since time period in present paper is more than [11] for both the modes of vibration, it implies that frequency of vibration in present paper is lower than [11] .
* Frequency of vibration can be actively controlled in present model as compared to [11] by appropriate tapering and variation in corresponding parameters.
* Present model is more authentic and realistic as compared to [11] . 
